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METHOD OF DEVELOPING PHOTOPOLYMERI Z ABLE PRINTING PLATES 
AND COMPOSITION THEREFOR 



ABSTRACT OF THE DISCLOSURE 
A method and composition for developing an image formed 
by exposing a portion of a photopolymerizable layer to 
actinic radiation and removing the portion of the photo- 
polymerizable layer not exposed to actinic radiation by 
washing the unexposed portion to the developer composition 
comprising a monoterpene, N-methylpyrrolidone and an aro- 
matic alcohol. Optionally, a nonionic surfactant can be 
included in '..it developer composition. 



METHOD OF DEVELOPING PHOTO POLYMERI Z ABLE PRINTING PLATES 
AND COMPOSITION THEREFOR 

BACKGROUND OF THE INVENTION 

The present invention relates to an improved method and 
composition for developing a relief image by imagewise 
exposing a photopolymerizable layer to actinic radiation 
and subsequently removing the uncured material of the 
photopolymerizable layer by use of a developer composition 
to produce the relief image. 

In the following description and claims, the term 
"cured" and derivatives thereof shall be used to describe 
material obtained by (1) the photopolymerization of mono- 
mer ic or low molecular weight compounds, or (2) the cross- 
linking of photocross linkable polymers. The term "uncured" 
and derivatives thereof shall be used to describe material 
which has not undergone photopolymerization or photocross- 
1 inking. 

The use of actinic radiation, such as ultraviolet 
light, to form a relief pattern or image by the imagewise 
curing of a photopolymerizable layer is well known in the 
art and is typically used in preparing flexographic print- 
ing plates and relief patterns on semiconductor layers. 
These relief images or patterns are formed by placing an 
image-bearing process transparency, for example, a line or 
half-tone negative, over the photopolymerizable layer. The 
negative is designed to transmit actinic radiation through 
certain portions of it and to absorb or reflect actinic 
radiation at other portions so that the photopolymerizable 
layer underneath the negative is cured imagewise according 
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to the portion of the negative that transmits the radia- 
tion. A transparent protective film, called a slip fii n 
usually a polyamide resin film, is commonly provided be-' 
tween the negative and the photopolymerizable layer in 
order to prevent the negative from damaging the photo- 
polymerizable layer. 

After the exposure to actinic radiation, the slip f iln 
must be removed from the photopolymerizable layer and the 
uncured material of the photopolymerizable layer must be 
removed in order to produce the desired relief image or 
pattern. Typically, a solvent or developer is used which 
will solvate the portion of the photopolymerizable layer 
that has not been cured by the actinic radiation, but will 
not substantially affect the portion of the photo- 
polymerizable layer which has been cured by the actinic 
radiation. Typical developers used in such a process are 
chlorohydrocarbons, such as chloroform, trichloroethylene 
tetrachloroethylene or trichloroethylene, either singly or 
in a mixture with a suitable lower alcohol, such as n- 
butanol; saturated cyclic or acyclic hydrocarbons, such as 
petroleum ether, hexane, heptane, octane, cyclohexane or 
methylcyclohexane; aromatic hydrocarbons, such as benzene 
toluene or xylene; or lower aliphatic ketones, such as 
acetone, methylethyl ketone or methyl isobutyl ketone. 

in using the prior art developer compositions described 
above, it usually takes a disadvantageously long time to 
remove the portion of the photopolymerizable layer which 
has not been cured. The cured relief patterns or images 
swell or distort during the washing or removal of the 
uncured portion of the photopolymerizable layer by the 
developer composition. Further, under microscopic inspec- 
tion, the printing surface may exhibit a nonsmooth surface 
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The developer compositions needed for development of these 
different types of plates vary depending on the specific 
composition of the plate employed. For example, a de- 
veloper suitable for the development of Flex-Light type FL- 
SKOR and Flex-Light type FL-KOR photopolymer plates (regis- 
tered trademarks of w. R. Grace i Co., may not be effective 
in the development of Flex-Light type FL-1 and Flex-Light 
type FL-AL photopolymer plates (registered trademarks of w 
R. Grace & Co. ) . 

U.S. Patent No. 4 847 182 discloses a developer com- 
position comprising a terpene which can be blended with a 
nonsolvent, such as benzyl alcohol, which nonsolvent is 
effective to promote the spontaneous separation of uncured 
material from the developer solution after the plate has 
been developed. Emulsifiers, such as polyethylene glycol 
mono(nonylphenyl) ethers, can be incorporated in the de- 
veloper composition so that the plate can be rinsed with 
water prior to oven drying. 

It is an object of the present invention to provide a 
developer composition for use in the preparation of a 
relief image or pattern by photopolymer izat ion in which the 
washout time and the drying time are substantially shorter 
in comparison with conventional processes, the photo- 
polymerized relief images or patterns do not undergo sig- 
nificant permanent distortion or swelling during washout 
with the developer composition and the developer composi- 
tion can be economically recovered from the uncured photo- 
polymerizable material without special handling procedures 
or explosion problems. 

It is a further object of the present invention to 
provide a developer composition which has a low toxicity 
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and volatility, i. biodegradable and can be used for 
v.lopin, reli.f iM , es or ^ ^ 

variety of types of photopolymer plates 

to J' „ * fU " her ° bjeCt of the * invention 

, ™ V r elOPer e0 "^ lti0 " viU dissolve th. 

e imina e 1 "r deVel ° P " nt ° f «- P»«e s„d thereby 
eliminate the step of removing the slip m. from th. 
photopolymer plate. 

to JLu ' 'I'" fUrther ° bjTCt ° f the Present in ™ ti °" 
to provide , developer composition which enables the de- 
veloped photopolymer plat, to be rinsed with plain water 
hereby eliminating the tacKin... produced in the fold 

Uowlnd C ter " ^ thS ™ t »~ 1 rinses and 

allowing th. easy disposal of wast, rinse solution. 

SUMMARY OF THE INVENTION 
m Th "V nd ° th " «*!•<*• of the present invention are 
T ^ Pr ° V " in * ' - « --eloper c,m- 

ototoo 0 ! f0r i Pr0dUCir " 3 rell « f "r pattern on a 

Z TZ ooo'l U layer ^ raB ° Vin9 thB "~»- P°"ion of 

coeoostt? e "" ble lay " ty WaShin « lt With • ""eloper 
composition comprising a monoterpene and N-methyl- 

pyrrolidone. A„ aromatic alcohol is employed in the 
developer composition when a slip fim la pres . nt „„ ^ 
photopolymerizable layer. 

In a second aspect of the present invention, the de- 
veloper composition is a fixture of a .one terpen, n- 

T^lTlTT' ^ ar ° MtiC alC ° h01 and * -ionic sur- 
factant. Thxs latter composition is water-rinsable. 

DETAILED DESCRIPTION OP THE INVENTION 
invenUr'tK 1 ^ ~ eBbodi - nt of the 

mprises a monoterpene, N-methylpyrrolidone and an 
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aromatic alcohol. As the monoterpene, p-methane, borneol 
menthone, D- and L-limonene, a-terpineol, a-terpinene ' 
,-terpinene, terpinolene, a-pinene, *-pinene, *- pine ne 
citronellol and mixtures of these monoterpenes can be used 
D-liaonene is especially preferred. There can be used D- 
limonene obtained from orange peel and/or pine needles. D - 
limonene is nontoxic and has a boiling point of about 
175-c. The high boiling temperature and vapor pressure of 
D-limonene enable it to be separated effectively and ef- 
ficiently from the uncured photopolymerizable material that 
is dissolved in the developer composition during the wash- 
out step. The amount of the monoterpene component in the 
developer composition is from 30 to 60 wt.%, preferably 
from 35 to 50 wt.%, based on the total weight of the de- 
veloper composition. 

N-methylpyrrolidone is contained in the developer 
composition, according to the invention, and it is un- 
expectedly effective to increase the versatility of the 
developer composition so that a very wide variety of dif- 
ferent types of photopolymer printing plates can be washed 
by the developer composition with good results and with 
improved plate quality. Particularly, the developer com- 
position can be effectively used in the development of all 
commercially available flexographic photopolymer printing 
Plates, including Flex-Light type FL-1 and Flex-Light type 
FL-AL acrylic ester photopolymer plates (registered trade- 
marks of w. R. Grace * Co., which have heretofore required 
the use of a developer containing a chlorinated hydro- 
Invent; ^ aBlOUnt ° f N -»« th ylPy»olidone present in the 
fill !n°r C ° fflP08iti0n is *«» 10 to 50 wt.%, preferably 
from 20 to 40 wt.%, based on the total weight of the de- 
veloper composition. The amount of N-methylpyrrolidone is 



leM thsn the •mount of th. 

•My. the w.i, ht ratlo I'™?"'*"' co »P°nent. p refer . 

'"out fi^ to ab ^ N-.X, """"My. fro. 

Point oT 4bout 202 .¥ J.'^^oaioone ha. . ^ 

covering the Photopoiy^* . ^ 
°«in* the o.v. 10 pee„r s t. p w th ~ rl>1 t0 ""olved 
"Parete step of pee,i ng Z ^l^" ^ * 
Polymerize l ayer . J " the SI *P "1- from the photo- 
olcoholh aa prove „ ° f ^"7"= "oohofe, he„ 2y P r 
"Ivin, the e lip ta „ J^"" 1 " 1 * o»ectlve for dis- 
'«*• on the PhotopoIyJa^ "?,*"•—■* ne,etive ef- 
oontent of benzyl alco^ol ^s " h ' " The 

o< the pr. 8 e nt invention ln the daVelOPer "-position 
Pr.fer.hly f ro . about J » «*» »n,e of ,ro. 1 to „ " 
total weioh» - " " .bout jo wt % h , . *' 

ver,nt of the developer co„„ • on 
D b " n21 ' 1 ^oohol is less then L POSltl ° n - The —»* of 
Pyrrolioon.. Pre,. ra hi y H M ° Unt °' N -«th y i- 
Pyrrol i<iolla/l)W) J' ^ vex,ht ratio of 

P» srahl y ^ ^ J£ 1 to about 

£11", W-t of aoout 205-c enf ^ *"" yl al " ho1 "« • 
frOD °» soured . at er lal . " can - — Uy separeted 

h «- • "UP .Urn ortt f^PolymerUahle pi ate aoes not 

«- oen 2y i alcohol can be T"* *" 3 al " er «* wa y t„e„ 
Position. ° an " e ""ted fro. the develop con 

m . second, preferred emlv^- 

oeen found that 

cnat th « Presence 



-8- 



of a nonionic surfactant in the develop „ 

enables the developed photope^, ^tTT" 

water before the layer is drie^ This T 
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components, including the monoterpene. These and other 
advantages of the present invention are shown in the fol- 
lowing examples. 

in the following examples, the equipment used to per- 
form the exposure, washing and drying of the photopolymer 
plates was the Anderson 4 Vreeland Photopolymer System, 
commercially available from Anderson & Vreeland, inc., 
Bryan, Ohio. The washing equipment was of two types, 
namely, 

1. a 12 inch x 15 inch flat bed for receiving the 
photopolymer plate and in which a brush is 
disposed above the plate and is moved in an 
orbital pattern so that its bristles contact 
and remove uncured material from the plate, and 

2. a 30 inch x 44 inch unit in which the photo- 
polymer plate is mounted on an oscillatable 
drum and 4 rotary brushes are disposed in as- 
sociation with the drum so that their bristles 
contact and remove uncured material from the 
plate. 

The exposure unit employed UV fluorescent-type lamps, when 
the plate was subjected to "back exposure", thac is, uni- 
form exposure on the back without a negative, the back side 
of the photopolymer was uniformly cured to a selected depth 
to form a so-called "floor" underneath the relief areas. 
When the plate was subjected to -face exposure", that is, 
imagewise exposure on the face with a negative, latent 
relief areas of a selected depth were formed in the face of 
the photopolymer layer. -A W. R. Grace test negative was 
used. Development of the photopolymer plate with the 
solution removed the uncured material whereby to form 
relief areas projecting from the floor, m those cases in 
which no back exposure and no face exposure were conducted, 
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the test measured the resistance to dissolving of the 
Example '» «" developing . olu ' ion . 

A developer eolation wa. prepared by „i, ina , 0 D .„. „ 

llmonene, ll parts by weight of benzyl alcohol 6 part, „ 
-i*t of nonylphenolpoly.thylen. „ 5) J£ ' *" "* 
ports by weight of ^^JZ^ ^T ' 

bru.r^\°t u b.r ti a<ided 10 a u inch * 15 inch - 

brush, flat bed plate processor, a photopolymer plate 

inch (kor, available from w. r G r,™ t „ , 
pre-exposed on the bacK for 20 seconds and h"" Unif ° raly 
i^ewis. through a photographic ^ Z°°" 
protective layer for 5 minutes and 2 „ second Th P « e 
was then washed with the above-described solution for < 
minute. ln the plate processor. The plate wa. rinsed . th 
Plaxn tap water and then was dried at 150-F f or 1 hour 

was to ° f h^ tl0 ° r <Unif ° raly *"* ° f Plate, 

scructur « of the image elements was good, under- 

obserL SideMUS Md rOUnd1 "' 0f «" — wastt 

Additional commercially available photopolymer plates 
«re „ ln si . Ulr fashl<jn ^ *> P tes 

unit ' ^ * 15 inch flat ^.d washing 
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Plate Type 



TABLE I 

Photopoly- 
mer Layer Back 
Thickness Expo- 
(inches) sure 



Face 
Expo- 
sure 



Wash- Depth of 

ing Belief 

Time Areas 

(mins. ) (inches) 



Grace FL-AL 
Grace FL-AL 
DuPont Cyrel LP 
BASF 

DuPont Cyrel LP 
DuPont Cyrel LP 
Grace FL-i 



0.067 
0.067 
0.067 
0.067 
0.067 
0. 067 
0.090 



None 


None 


10 


0.031 


None 


None 


12 


0.035 


None 


None 


5 


0. 040 


None 


None 


4 


0.046 


None 


None 


10 


0. 04 5 


None 


None 


4 


0. 042 


None 


None 


15 


0.046 



Example 2 

„ 6 i^ d T l0Per SOlUti ° n MS Prepared "V —i* " parts by 

—is^ir a t: Ton:' 0 inch * 44 inch 
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Plate Type 



FL-Grace KOR 

FL-Grace KOR 

FL-Grace KOR 

FL-Grace KOR 

FL-Grace KOR 

FL-Grace KOR 
DuPont Cyrel LP 

Grace FL-l 



TABLE II 
Photopoly- 

?hf^ y6r Back F * c * 

Thickness Expo- £ Xpo . 

(inches) sur» 



sure 



Wash- 
ing 
Time 
(mins. ) 



Depth of 

Relief 

Areas 



0.067 


10 


5 








sees. 


minp. 


6 


0.010 


0.250 


5 

mins. 


10 

mi nc 


5 


0.035 


0.250 


5 

mins. 


:o 

rains. 


10 


0.070 


0.250 


5 

mins. 


10 

rains. 


15 


0. 107 


0.250 


5 

mins. 


10 

rains. 


20 


0.135 


0.250 


None 


None 


20 


0.150 


0.250 


2 

mins. 


10 

mins. 


6 


0.040 


0. 090 


H 
mins. 


8 

mins. 


12 


0. 030 
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The embodiments of the inuonfi 

property or prlvllege is cla l d -T WMCh " eXClUSlve 

9« is clamed ere defined as follows: 

1. A developer composition co.prisino , „„.. . 
N-nethyXpyrrolidone. P"slng e nonoterpene and 

2- The developer composition of clai„ , .. , 
monoterpene ie D-li m o„ene. ' " hereln nl * 

3. The developer composition of ciai» , .. . 
D-limo„ene is obtained fro. orange peel " 

obtaxned from orange peel and pi„ e needles. 

contain^ ZlTl^Z IT^ * ^ 

=0 wt.% --.ethylpyrroUdonl ° ( D " 11 —- from 10 to 

7. The developer composition of Claim C „k • 
aromatio aloohol is benzyl alcohol anorn 
Alcohol is from lo to 20 wt" an ° Unt of ben ^ 1 

«• The developer composition of Claim , 
essentially of from 35 to 50 wt % ofn , ° 0nSlStin * 
« «.% of H-methylpy^^f-* °' f: 1 "— ' f ™ 20 *• 
benzyl aloohol and fro. 5 to u vt " " !° *° ° f 
tant. " **** of nonionic surfac- 
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9 The developer composition of claim 8, wherein said 
nonionic surfactant is nonphenol P ol y eth y iene ( m,^ 

10. The developer composition of claim 8, wherein sale 
nonionic surfactant is non.lphenolpol.eth^e T^lZ 

« — wherein M 
(9 *. „i . IJ ° f "^^nenolPolyethylene 

and 1-35 wi- * k or D-iimonene 

™ 1 J5 wt ' % of ben?yj alcohol. 

13. The developer composition of claim i, JJ . J .. 

wt % of 7 ? ; * - * ° f "^'l' 1 alc °"°l and 8-10 

or the nonionic surfactant. 

15. The developer composition of claim 14 wherein s.i* 

1:: irL:rrr:r^ owyethyieM «••- 

in= Pr ° CaSS f ° r produoi "» * "lief i„,. by „_„.. 

in, a portion of a photopolveerizaole layer to actinic 
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radiation and removinq the ««~«. • 

m« not r ra °' 

with a oev.loper composition t h . " dl " lon * it 

"id aeveioper composition ^.£7""* C °" Pri8in9 
methylpyrrolidone. 9 fflonote rpene and n- 

17. The process of claim i< 

18. The process of ciai* i £ 

composition ^ta^uT^^^"" d6Vel ° Per 

prises a nonionic surfactant. 

19. The process of claim i< 

is D-liaonene. Wherein said "onoterpene 

20. The process of Claim n 

21. The process of claim 10 

surfactant is a blena of t , ' e " in noni » n *c 

r coi etner an, Z^Ztl ZSTZTt™ 

« a 2:1 weight ratio. "Y^ene (6.0) glycol ether 

22. The process of claim 1* 

composition comprises 10 - 5 „ wt i o7» deVel °>" 

3o-« 0 «.« of D . liBonene and t* 5 « t "Tr pyrrou<,one ' 

-»:> wt.* of benzyl alcohol. 

23. The process of Claim ->-> 

«cditionai ly comprlses »; *«- oeveioper 

" «.% of a nonoinic surfactant. 



